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Abstract

17 fruit species grown in Piedmont (Northwest [falyere analysed for SSC, pH, TA,
total antioxidant capacity, and total phenolic amgthocyanin contents to evaluate their
nutraceutical value and emphasize the value ofoited productions. Major fruit species (pear,
apple, apricot) were generally higher in SSC andl im@derate acidity but were tendentially
lower in phenolics (39.89-93.71 mg 100 GAE) and antioxidant capacity (8.07-11.11 mmol
Fe*/kg fw) in comparison with berry fruits. Black melisy, blackberry, highbush blueberry,
currant, raspberry, gooseberry and strawberry goefil to be excellent antioxidant sources
(phenolics 196.98-398.67 mg 100" ¢SAE; FRAP: 11.51-85.97 mmol £ékg fw) while
Damask plums showed intermediate properties (pfEnal75.30-229.62 mg 100 gGAE;

FRAP: 12.12-17.88 mmol E&kg fw). The highest anthocyanin contents were né&a in
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black mulberry (341.53 mg 100"gw), black currant (224.79 mg 100" gw) and highbush
blueberry (222.74 mg 100"dgw). Differences between cultivars of the sameciseindicated

the presence of variability that should be congden breeding and in the orchards planning.

Keywords: berry; major species; FRAP; soluble solid contétratable acidity

1. Introduction

In recent years, the increasing interest for huhrealth, nutrition and the prevention from
illness has driven the demand of the consumer edsaand quality raw material with high
nutraceutical value.

The attention to a correct diet and to balanceditiart has encouraged new studies on
foods bearing physiological and physical benefitsparticular, clinical tests and chemical
analyses have underlined the role of fruits andetadges in the prevention of pathologies
caused by oxidative stress, showing a positiveetation between the daily assumption of fruit
and vegetable and the decrease of disease riskefdat al., 2009; Kaur and Kapoor, 2001).

The oxidative stress is implicated in a number ©fedses including cardiovascular
dysfunction, various typologies of cancer, rheusmti diabetes, rheumatoid arthritis,
pulmonary emphysema, dermatitis, cataract, neumugtive diseases, endothelian cell
dysfunction (Benzie, 2003) and several autoimmuseases linked to the degenerative process
of ageing (Shukitt-Hale et al., 2008).

The human organism naturally defends itself fromftiee radicals producing endogenous
antioxidants (Prior et al., 1998); yehis is not sufficient to meet the needs of the bawly the

intake of antioxidants from external sources isrggty recommended (Jarrett, 2008he most
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important phytonutrients with strong antioxidantpaeities are fibre (Kaur et al., 2001),
phenolics (Shukitt-Hale et al., 2008), vitaminsB,C, E, terpenoids (Espin et al., 2007) and
essential minerals such as selenium, copper ard kitas been already demonstrated that
most of these compounds are found in fruits, irtipaar berries, and vegetables but their
amount widely varies among species and also amatiivars within the same species
(Pantelidis et al., 2007; Gil et al., 2002; Bounetial., 2009).

Recently, research was done to evaluate the adéinkicapacity of fruits and vegetables
produced in different countries including Italy ([Bgrini et al., 2003), Norway (Carlsen et al.,
2010), United States (Wu et al., 2004), Czech Rep(®tratil et al., 2006), France (Brat et al.,
2006) and Belgium (Kevers et al., 2007) highligbtim geographical effect on food
composition, but often not considering the difféaremmounts of biochemical compounds
present in cultivars of the same species.

The objective of this research was to screen thexadant activity, total phenolic
content, anthocyanin content, solid soluble conteHtand titratable acidity in 17 fruit species
grown in Northwest Italy (Piedmont Region) to pmiinformation useful for planning
effective antioxidant dietary consumption usingdloproducts. For each species the most
important cultivars, selections or landraces, tgibyc grown in the Piedmont area, were

considered to evaluate their nutraceutical value\aorising the local productions.

2. Materials and methods

2.1. Fruit samples

Fruit samples of the following 17 species wereeaxittd in the Piedmont Region (Table

1): apple Malus x domestica Borkh.), apricot Prunus armeniaca L.), blackberry Rubus
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ulmifolius L.), highbush blueberryMaccinium corymbosum L.), black currant Ribes nigrum
L.), white currant Ribes rubrum L.), gooseberryRibes grossularia L.), kiwifruit (Actinidia
deliciosa Chev.), black mulberryMorus nigra L.), white mulberry forus alba L.), nectarine
[Prunus persica (L.) Batsch], pearRirus communis L.), European plumRrunus domestica L.),
Damask plum Rrunus insititia L.), Chino-Japanese plunfPrunus salicina Lindl.), raspberry
(Rubusidaeus L.) and strawberryHragaria x ananassa Duch.). All fruits but mulberries were
sampled from commercial orchards in typical areasuittivation; mulberries were collected
from single grafted plants used in the past fdwgdrm raising.

For apple, apricot, blueberry, nectarine, pearmgluand raspberry, the three most
common cultivars or landraces (Damask plum) wehected for the study; fewer cultivars or
selections (mulberry) were sampled for blackbemylberry, white currant and gooseberry due
to the lower availability of varieties grown in tHeegion. Only the ‘Hayward’ cultivar,
representing almost 100% of production in the Regwas sampled foActinidia deliciosa
Chev..

Sampled cultivars and landraces with their fruihgtolour are listed in Table 2.

10 kg of fruit for each genotype were sampled @emess from 3 plants, except for small
fruits: in this case 500 g of fruit were collectiedm each plant (or for linear meter on the row
in the case of raspberry and blackberry). Samptre waintained fresh in an icebox during the
transport to the laboratory and subsequently storea refrigerated room at 4° C; they were
extracted and analyzed within 24 hours.

Three replicates of fruits for each genotype weseduto determine soluble solids content,
pH and titratable acidity; fruit extracts were udedthe analysis of the total phenolic content,

the total anthocyanin content and the total antiamt capacity.

2.2. Soluble solids content (SSC), pH and titratable acidity (TA)
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50 mL of juice obtained by a juice extractor weeatcifuged (centrifuge ALC PK 110) at
6,500 rpm for 10 minutes at 20° C, to get a juiompletely devoid of solid residues. The SSC
was determined on the juice by a digital refracttenXS DBR 35 and expressed in °Brix. The
pH and titratable acidity (10 mL of juice and 90 miLdeionized water) were determined using
a pH meter and a semi-automatic titrator CRISONrafable acidity has been expressed in

meq/L.

2.3. Extraction protocol

Apples, pears and kiwifruits were peeled beforgastion of the pulp while apricots,
plums and nectarines were extracted with skinowalthg the common method of eating in
Italy. The extracts from berry species were obthingng the whole fruit.

Fruit extract was obtained using 10 g of fruit aditie 25 ml of extraction buffer (500 ml
methanol, 23.8 ml deionized water and 1.4 ml hyllarec acid 37%). After 1 hour in the dark
at room temperature, the samples were thoroughtyogenized for a few minutes with an ultra
turrax (IKA, Staufen, Germany) and centrifuged I&rminutes at 3,000 rpm.

The supernatant obtained by centrifugation wasectdd and transferred into glass test

tubes and stored at -28° C until analysis.

2.4. Total phenolic content (TPC)

The amount of total phenolics in fruits extractsswaeasured following the Folin-
Ciocalteu procedure, according to the method afkalid and Singleton (1977), using gallic
acid as standard. The methanolic extract (0.5 @) mixed with 30 mL of deionized water and
2.5 mL of Folin-Ciocalteu reagent adding 10 mL oflism carbonate (15% w/v). The solution

was brought to volume (50mL) with deionized waidEne mixture was left for 2 hours in the
6
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dark at room temperature and shaken every 30 nsndtee absorbance at 765 nm was
measured in a Lambda 15, Perkin Elmer spectrophetemm Results were expressed as

milligrams of gallic acid equivalents (GAE) per 1§@f fresh weight (fw).

2.5. Total anthocyanin content (TANC)

The total anthocyanin content was determined byHadifferential absorbance method
(Cheng and Breen, 1991). 1 g of fruit extract wiigted in 100 mL of buffer at pH 1.0 (4.026
g KCl in 1L of distilled water, pH value adjusteal 1.0 with concentrated HCI). One g of fruit
extract was diluted in a pH 4.5 solution (32.82KCO,Na.3H0 in 1 L of distilled water, pH
value adjusted to 4.5 with concentrated HCI). Thetunes were left for 20 minutes at room
temperature. Absorbance was measured simultaneatg$0 nm (A1) and 700 nm (Ao
using a Lambda 15, Perkin Elmer spectrophotométee. result was expressed as milligrams
of cyanidin-3-glucoside (C3G) equivalent per 1006fgw and was calculated using a molar
extinction coefficient of cyanidin-3-glucoside 08,800 L mot'cm™ and using the absorbance

value obtained with the following equation:

A = [(As10- A700)pH1.0- (As10 - A700)pH4 5 -

2.6. Total antioxidant capacity (FRAP)

Total antioxidant capacity was determined usingRRAP (Ferric Reducing Antioxidant
Power) assay, according to Benzie and Strain (199&thod modified by Pellegrini et al.
(2003). The method is based on the reduction oFtieTPTZ complex to the ferrous form at
low pH. A sample containing 90d of freshly prepared FRAP solution (0.3 M acetaifer

pH 3.6 containing 10 mM 2,4,6-tripyridyl-s-triazindPTZ) in 40 mM HCI and 20 mM
7
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FeCk-6H,0), 90ul of deionized water and 3d of extract was incubated at 37° C for 30 min.
The reduction is monitored by measuring absorbéagehange at 595 nm. FRAP values were
calculated using a standard curve obtained fromattedysis of a standard mix containing
increasing concentrations of ¥eand were expressed as mmol of ‘Fequivalents per kg of

edible part of the fruits.

2.7. Statistical Analysis

The data was elaborated by ANOVA for means of cammpa and significant differences
were calculated using Tukey's test. Correlationgewevaluated with Pearson coefficient.
Statistical analysis was carried out using the SPE@ software Inc. (Chicago, USA).

The data obtained by chemical analysis was proddsgerincipal component analysis

(PCA) using PAST (PAlaeontological Statistics) \&d.2 software.

3. Results and discussion

3.1 Soluble solids content, pH and titratable acidy

The results obtained for soluble solid contentatéble acidity and pH for each species
(means of data of all cultivars, landraces or seles analyzed for each species) grown in
Piedmont are given in Table 1. White mulberry shidwbe highest SSC (21.60 °Brix),
followed by plum cultivars and landraces (14.817B8Brix), pear (14.41°Brix), black
mulberry (14.47 °Brix) and black currant (13.89 i3@r The lowest SSC were recorded in
strawberry (6.71 °Brix), nectarine (9.15 °Brix) aradpberry (9.70 °Brix).

White currant (361.27 meg/L) had the highest TAuedlollowed by gooseberry (280.93

meqg/L) and raspberry (249.84 meg/L); TAs of whitelloerry (21.90 meqg/L), pear (34.48
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meqg/L), black mulberry (40.67 meg/L) and apple 487meq/L) were the lowest. The highest
value of pH was recorded in white mulberry (6.0é)lowed by black mulberry (5.04), pear
(4.44) and strawberry (4.35). The black curran®12.and raspberry (2.96) had the lowest pH
values. pH values did not grad cultivars followihg same order given by titratable acidity as
observed also by Ko&iRisti¢ et al. (2011) in some berry juices.

Data of cultivars/landraces grouped per speciesshogvn in Table 2. Apple cultivars
‘Red Chief’ and ‘Golden Delicious’ statistically ftkred for SSC, pH and TA. ‘Golden
Delicious’ showed the highest SSC (13.80 °Brix) d#d(56.20 meqg/L) values, although not
significantly different from those observed with&l@ Brookfield’. Between apricot cultivars,
‘Tonda di Costigliole’ showed the highest valuesoluble solids content (14.73 °Brix), while
the lowest content was recorded in ‘Goldrich’ (I2Brix). ‘Goldrich’ showed the highest
titratable acidity value (359.80 meg/L), followeg haycot’ (238.83 meg/L) and ‘Tonda di
Costigliole’ (175.33 meg/L). The pH values followed reverse the values of TA. Statistical
differences were recorded between highbush blughserdtivars. ‘Elliot” showed the highest
value of soluble solids content and titratable #&gid13.27 °Brix and 191.73 meg/L,
respectively, whereas ‘Duke’ had the lowest soligdkds content (10.93 °Brix) and did not
statistically differ from ‘Bluetta’ for pH and tiétable acidity. ‘Ben Lomond’ showed the
highest SSC (14.27 °Brix), while ‘Tiben’ recordduktlowest pH value (2.64) among the black
currant cultivars. Statistical differences betwedgnnomaky Rot’ and ‘Hynnomaky Gelb’
were observed for titratable acidity. The black Ineuty ‘Selection2’ had higher SSC (16.27
°Brix) and lower TA (33.70 meg/L) than ‘Selection. Nectarine cultivars did not differ
significantly for SSC. ‘Big Top’ resulted as theltotar less acidic with values of pH and
titratable acidity of 3.95 and 73.53 meg/L, respety. No statistical differences were found
between pear cultivars for soluble solids contertt @tratable acidity; however, the pH value
of ‘Conference’ fruits resulted the highest. Amo@gino-Japanese plum cultivars, ‘Black

diamond’ recorded the highest SSC (18.13 °Brix) phad(3.38), while ‘TC sun’ showed the
9
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highest TA value (194.40 meg/L). Significant diffaces were observed between the European
plum cultivars. ‘D’Ente 707’ showed the highest S§1.13 °Brix) and pH (3.66) while
‘Stanley’ recorded the lowest SSC (13.50 °Brix) ahd (111.13 meg/L). No statistical
differences was observed between Damask plum leeslfar the SSC; instead the ‘landrace 1’
recorded the lowest pH (3.23) and the highest Thierg225.90 meqg/L). Among raspberry
cultivars, ‘Heritage’ had the highest value of $dusolids content (10.53°Brix) and TA value
(350.00 meqg/L). The ‘Heritage’ pH value (2.64) whkmver than ‘Malahat’ (3.14) and
‘Tulameen’ ones (3.03). The other cultivars resllgtightly less acidic: these results are
similar to those obtained by other authors sinoédrof primocane cultivars (‘Heritage’) are
usually more acidic and present higher SSC thamcélnes. For strawberry cultivars, ‘Maya’
showed a lower content in SSC than ‘Alba’ and ‘A(8.50, 7.47, 7.17 °Brix, respectively),
despite the fact that no significant differencesevebserved. ‘Alba’ recorded the highest
titratable acidity (66.17 meqg/L) and the lowest p&lue, and showed significant differences
with ‘Maya’. No significant differences were founlgetween ‘Alba’ and ‘Arosa’ for the
parameters considered. In general, differencesdmtvgpecies were larger than within species
but there was also variation among genotypes ofk#me species. This was often related to
ripening season (earlier cultivars tend to have BSC) and the ratio flesh/seeds present in

each genotype.

3.2. Total phenolic content (TPC)

The variation of total phenolic content was largeoag the different species (Table 1).
Nectarine, pear, apple and kiwifruit contained $mahntities of phenolics (39.89-62.83 mg
100 g* GAE), followed by apricot and white mulberry fr®i€93.72 mg 100 §and 95.91 mg
100 g, respectively). A significantly higher phenolic ntent was recorded in strawberry
(398.67 mg 100 § and in berry fruits (196.98-362.15 mg 1008).gSimilar results were

reported by Prior et al. (1998) and Moyer et al02). The Damask plum landraces showed an
10
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interesting total phenolic content (229.62 mg 109. dMacheix et al. (1990) and Ruiz et al.
(2005) reported that berry fruits and stone fr(jtsach, nectarine and apricot) contain a wide
variety of phenolics including hydroxybenzoic andltoxycinnamic acid derivatives (phenolic
acids), anthocyanins, flavonols, condensed tanfprsanthocyanidins) and hydrolysable
tannins. Moreover, Aaby et al. (2007) showed thHagagannins were, together with
anthocyanins, the major class of phenolic compoumdsrawberry. Generally, total phenolics
were abundant in the highly colored fruits, anganticular, in berry fruits; according to Kaéni
Risti¢ et al. (2011), phenolic compounds are abundabeiry fruits and in particular in berries
with intense black-purple and red color such aglidury, black currant, blackberry, strawberry
and raspberry, representing a rich source of aidtamts (Moyer et al., 2002). Other coloured
fruits, such as plums, are rich in antioxidant comgnts (Gil et al., 2002). In this paper white
currant was an exception and showed a high TPC.1868g 100 g, respectively).

The results and the statistical analysis of datdnefdifferent cultivars within the species
are shown in Table 2. Among apricot cultivars ‘Gal’ contained the highest quantities of
phenolics (119.03 mg 100y followed by ‘Tonda di Costigliole’ (97.77 mg 10§") and
‘Laycot’ (64.33 mg 100 Q). The black currant cultivar ‘Ben Lomond’ showée thighest TPC
(626.84 mg 100 ), statistically different from ‘Tiben’ and ‘Titaai that recorded the lowest
total phenolic content (448.33 and 405.03 mg GAB #0, respectively). The gooseberry
cultivar ‘Hynnomaky Gelb’ showed a TPC value (1&4rfg 100 ¢) lower than ‘Hynnomaky
Rot’ (209.98 mg 1009, probably due to the different colour of the skied in ‘Hynnomaky
Rot’ and dark-yellow in the other cultivar. In thieack mulberry selections significantly higher
phenolic content was observed in ‘Selection 1' (885mg 100 d) respect to ‘Selection 2’
(280.76 mg 100 §). Among nectarine cultivars, significantly highghenolic content was
recorded in ‘Caldesi 2000’ (72.73 mg 100)gfollowed by ‘Venus’ (30.53 mg 100"y and
‘Big Top’ (16.40 mg 100 ¢). Chino-Japanese plum ‘Angeleno’, a black-purpténrsed

cultivar, showed a higher phenolic content (237180 ¢') than the two otheP. salicina
11
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cultivars. Among Damask plums the ‘Ramassin larelrat (264.83 mg 1009 and the
‘Ramassin landrace 3'(237.03 mg 100) recorded igghest phenolic quantities. Significant
differences in TPC among European plums were obdefid’Ente 707’ with 212.87 mg 100
g* showed the highest phenolic content, followed Byahley’ (172.40 mg 100™% and
‘President’ (140.63 mg 100% ‘Malahat’ showed the highest TPC (372.60 100 petween
raspberry cultivars, followed by ‘Tulameen’ (330.000 g') and ‘Heritage’ (287.70 100y
with the lowest phenolic content. Among strawbecntivars, ‘Arosa’ showed the highest
phenolic content (461.46 mg 100)g however no statistical differences with ‘May42¢.33
mg 100 ) were observed. ‘Alba’ recorded the lowest val@&0(17 mg 100 § with no
significant differences with ‘Maya’. No statisticdifferences were observed between cultivars
within apple, blueberry, and pear. Compared to majoecies, Damask plum landraces
recorded the highest TPC and can be considereg@sdasource of phenolic compounds.
Differences among fruits for the quantity and tlmenposition of phenolic compounds
can be due to factors as genotype, environmentadlitons, agrotechniques, and storage

conditions as observed by Aaby et al. (2007) iavgberry fruits.

3.3. Total anthocyanin content (TANC)

Significant differences in anthocyanin content wegeorder in the different species and
genotypes (Table 1). Black mulberry contained thghést anthocyanin content (341.53 mg
100 g* cyanidin-3-glucoside fw), followed by black curtg824.79 mg 100 §fw), blueberry
(222.74 mg 100 § fw) and blackberry cultivars (106.40 mg 100 fy). Berry species with
light skin colour, such as white mulberry, whiteramt, gooseberry, raspberry, and the fruits
belonging to the major species contained a lowaswarhof anthocyanins (0.03-44.43 mg 100
g’ fw), as expected. Maattaa et al. (2003) obseratdelphinidin 39-glucoside, delphinidin
3-O-rutinoside, cyaniding ®-glucoside and cyaniding ®-rutinoside represent the 4 major

anthocyanins present in black currant with 97%heftbtal content. Although the white currant
12
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showed a low anthocyanin value, the high valuehefghenolic content was probably due to
hydroxycinnamic acid derivatives (caffeic acid hssoderivative,p-coumaric acid 42-
glucoside, p-coumaroylglucose and hexoses, ferwxgse and ferulic acid hexose
derivatives) and flavonol glycosides (rutin, quérce3-O-glucoside and quercetin hexoside-
malonate) as reported by Maattdd et al. (2003). vidlaes of anthocyanin content in the
analyzed berry fruits (blueberry, raspberry, blarkp and gooseberry cultivars in particular)
are consistent with anthocyanin amounts presenyedtier authors (Wang and Lin, 2000;
Prior et al., 1998; Moyer et al. 2002; Pantelidisle, 2007). Among major fruits, strawberry
and plum cultivars recorded the highest total amyhoin content (44.43 mg 100" gw and
13.70-33.38 mg 100 fw, respectively). Similar results for anthocyanntent were reported
by others researchers, both in strawberry (Rababah, 2011; Wang et al., 2000) and plum
(Usenik et al., 2009). A direct correlation existagtween the levels of anthocyanins and the
fruit skin and flesh colour. Anthocyanins are rasqble for the red, purple and blue colour of
the fruits, and they have been shown to have patetnxidant activities (Baliga et al., 2011).
In particular, the anthocyanins are abundant ightly coloured berry fruits (Shukitt-Hale et
al., 2008) and represent one of the most dominlasses of bioactive compounds in berries
(Clifford, 2000).

Usenik et al. (2009) reported that in plum cults/éire total anthocyanin content varied in
relation to cultivars and ripening stage. Presestilts indicate that a great variability exists in
anthocyanin content among cultivars of the sameigpg(Table 2). The concentration of
anthocyanins is clearly related to the colour cé fruit. Significantly higher anthocyanin
content was recorded Ribes grossularia L., between cultivar ‘Hynnomaky Rot’ (5.99 mg 100
g* fw), with a red fruit skin, and the cultivar ‘Hyomaky Gelb’ (0.44 mg 100 'gfw), with a
dark-yellow skin. The Chino-Japanese plums ‘Bla@nobnd’ and ‘Angeleno’, with a black-
purple skin, showed a higher TAnC than ‘TC sun’releterized by a yellow-orange skin, 47.93

mg 100 ¢ fw, 43.53 mg 100 § fw and 8.67 mg 100 Yfw, respectively. The violet Damask
13
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plum ‘Ramassin landrace 3’ recorded the highestamyanin content 50.63 mg 100" éw,
followed by ‘Ramassin landrace 2’ (29.27 mg 100fw) and ‘Ramassin landrace 1’ (19.77 mg
100 g* fw) with a blu skin colour. Among European plurhs tultivar ‘Stanley’, characterised
by a dark blue-violet skin colour, showed a high&nC (19.77 mg 100 §fw) than ‘D’Ente
707’ (14.70 mg 100 §fw ) and ‘President’ (6.63 mg 100 dw), that are red-violet skinned
cultivars.

The data indicated statistical differences alsganotypes of the same species with similar
colour of the skin, such as fBrbes nigrumL., cv ‘Tiben’ (271.33 mg 100 4fw) and ‘Titania’
(184.10 mg 100°gfw), and forMorus nigra L. ‘Selection 1’ and ‘Selection 2'.

Anthocyanins are probably the largest group of pherrompounds in the human diet and
the antioxidant capacity of anthocyanins may be ohdheir most significant biological
properties in humans (Wang et al.,, 2000). Howewer,humans the bioavailability of

anthocyanins is low relative to the amount consu(iiéd et al., 2002).

3.4 Total antioxidant capacity (FRAP)

The values of total antioxidant capacity, expresa®dRAP, are shown in Table 1. The
results showed large variations between the difteispecies. In general berries, and in
particular the white currant cultivar. ‘Werdavi®597 mmol F&/kg fw) and the blackberry
cv. ‘Navaho' (79.17 mmol F&kg fw) presented the highest antioxidant capaditye high
antioxidant capacity of berry fruits, accordingtie literature (Carlsen et al., 2010; Kalt et al.,
1999), is likely due the high content of phenolotda and flavonoids, such as anthocyanins, in
fruits with dark skin (Macheix et al., 1990; Pardel et al., 2007) which have demonstrated a
high antioxidant activity (Pellegrini et al., 20GBhukitt-Hale et al., 2008; Beccaro et al., 2006).

Among the fruits belonging to major species, stramjphad the highest total antioxidant
capacity (40.84 mmol Békg fw), in agreement with Szeto et al. (2002).atrerries were

also higher in antioxidant capacity than other ypémit such as gooseberry and raspberry, in
14
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agreement with Kalt et al. (1999). No statisticiffledlences were found between apple, apricot,
nectarine, pear and plum. On the contrary, plunts Ramask plums had the highest FRAP
values; in particular the ‘Ramassin’ landraces h@®8 mmol F&/kg fw against the 13.02
mmol Fé*/kg fw of Chino-Japanese plums and 12.12 mmdl/ke fw of European plums.
This data is in agreement with those reported biggrni et al. (2003), Szeto et al. (2002) and
Gil et al. (2002) that described a higher antioridactivity of plums in comparison to other
stone fruits, in particular nectarines. Among majauit species Kkiwifruit recorded an
antioxidant capacity similar to those observed toe others peeled fruits with values in
agreement with Szeto et al. (2002).

Significant differences in total antioxidant capg@mong genotypes of the same species
were recorded (Table 2). The most interesting tesutre observed in blueberry, black currant,
gooseberry, black mulberry, nectarine, Europeamguad strawberry.

‘Elliot’ had the highest total antioxidant capacibhetween blueberry cultivars (71.23
mmol Fé*/kg fw), followed by ‘Duke’ (47.83 mmol Fé&kg fw) and ‘Bluetta’ with the lowest
value (29.30 mmol E&kg fw). Significant differences in FRAP were obssd in black
currants. ‘Tiben’ and ‘Ben Lomond’ had the highasitioxidant capacity (79.60 and 68.53
mmol Fé*/kg fw, respectively). The gooseberry cultivar ‘Hiymaky Rot’ showed twice as
much antioxidant capacity than ‘Hynnomaky Gelb’.(® mmol F&'/kg fw and 12.76 mmol
Fe*/kg fw, respectively). Among black mulberry cultisa‘Selection 1’ recorded the highest
FRAP (77.15 mmol Fd/kg fw). Between nectarine cultivars, ‘Caldesi 2080owed the
highest FRAP value (12.73 mmol %#g fw) despite the fact that no statistical diéieces
were observed with ‘Big Top’ (9.83 mmol £&g fw). ‘Venus’ had the lowest total antioxidant
capacity (5.57 mmol F&kg fw) without statistical differences with ‘Bigop’. ‘Ramassin
landrace 2’ showed the highest FRAP (27.73 mméi/kg fw), twice as much as the other
plum cultivars (11.63-13.80 mmol £&g fw). Among strawberry cultivars, ‘Arosa’ showed

the highest FRAP (74.97 mmol ¥#g fw), statistically different from ‘Alba’ (24.03nmol
15
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Fe/kg fw) and ‘Maya’ (23.53 mmol E&kg fw). These differences are related principatly
the colour of the flesh and in particular of thenskvhere the highest content of anthocyanins
and carotenoids is concentrated, and with genotyykethe size of the fruit (skin/flesh ratio)
(Howard et al., 2003).

FRAP values were highly correlated with phenoliatent (r=0.697**) and anthocyanin
content (r=0.636**). Similar results have been mpd by Pantelidis et al. (2007) and
Deighton et al. (2000) which found a similar coatein between total antioxidant capacity and
anthocyanins (r=0.635 and r=0.588, respectivelyywever, they recorded a higher linear
correlation between total antioxidant capacity giaenolic content (r=0.947 and r=0.965,
respectively). This difference is probably due lhe greater number of species considered in
this study resulting in a larger variability of frcomposition and structure and in differences
of the type of antioxidant compounds present inph and skin. Moreover, this research did
not take into account components of variance swclBum exposure, water availability and
agricultural practices that can influence the abmposition.

In general, major fruit species showed differenémaftal characteristics compared to
berry fruits. In order to simplify the multivariataodel based on the analysis of 6 parameters,
and classify the species according to their theasettical characteristics, a PCA was carried
out. The first two principal components (PC1 and2P@ccounted for 74.05% of the total
variance and were used to obtain a scatter plgu(€il). PC1 represented 42.81% of the total
variation and was associated mainly to total pherantent, SSC and antioxidant activity on
the discrimination of the species. PC2 accounted3fo24% of the total variation and was
mostly associated to pH, titratable acidity anchanyanin content. The PCA scatter plot split
the 16 species into two groups: major fruit cropd hite mulberry were higher in SSC and
lower in phenolics and FRAP and were placed inlokesr half of the plot; berry fruits, being
more rich in phenolics, were placed in the uppéf dfathe plot. In the upper left part of the

plot the most acidic berry fruits: raspberry, goarsp and white currant were grouped. In the
16
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upper right part of the plot the berry fruits highphenolics, anthocyanins and FRAP were

placed.

Conclusion

This current study highlights the difference inatgbhenolic and anthocyanin contents,
and total antioxidants capacity found in differentits species and cultivars grown in
Piedmont.

According to considerate parameters, the speciekl dwe categorized into two groups:
berry fruits and major fruits. Major fruits were rgally higher in SSC and had moderate
acidity but were tendentially lower in phenolicddaantioxidant capacity. The results indicated
that most fruits present in Piedmont area, in paldr the berry fruits blackberry, blueberry,
currant, black mulberry and strawberry and the Dakmplum are excellent sources of
antioxidants and bioactive compounds, especiallyenphcs. Henning et al. (2010)
demonstrated that in particular the consumptio@58f g of strawberry by healthy people was
associated with a modest but significant increasantioxidant activity in serum, which has the
potential to improve the body’s defense againsbmicrdisease. Unfortunately the consumption
of most berry fruits is low in Italy; only strawbiezs have a significant demand but their
availability is limited to a relatively short pedaluring spring.

Including cultivation and post harvest consideraiothe berry species with higher
chances of a larger direct use is highbush blubddgmask plum showed intermediate
properties between berry and major species and ¢besumption should be encouraged. In
Piedmont, Damask plums are sold in local markeisgbfequently found in small orchards
and family gardens; they are consumed during sunmastly as fresh fruit but are also
processed for the production of ice-creams. Thaketof phenolics and antioxidants from

seasonal fruit during autumn and winter would beepually lower than in summer, due to the
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type of local fruit available (apple, pears, kiwit) but in the global market the offer of fruit
and vegetables is large enough to provide produects other areas, such as citrus fruits or
berry fruits from the Southern hemisphere, thatteelp the needs.

Finally we can mention that the differences foumdoag cultivars highlight a great
variability within species that should be considefer the choice of the cultivar and in
breeding programs aimed at selecting varieties witiproved antioxidant capacity and

nutraceutical properties.
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Tables

Table 1.
Soluble solids content (SSC; °Brix), titratable aidity (TA; meq L ), pH, total phenolic content (TPC; mg GAE
100 ¢* fw), total anthocyanin content (TAnC; mg cyanidin3-glucoside equivalents 100 4 fw) and total

antioxidant capacity (FRAP; mmol F€* kg™ fw) in the studied species.

Species SSC pH TA TPC TANC FRAP
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560
561

Apple (Malus x domestica Borkh.) 13.24cd

Apricot (Prunusarmeniaca L.) 13.63cd
Blackberry (Rubus ulmifoliusL.) 12.53cde
El)ghbush blueberry (Vaccinium corymbosum 11.90cdef
Black currant (Ribes nigrum L.) 13.89bc
White currant (Ribesrubrum L.) 10.73def
Gooseberry RibesgrossulariaL.) 13.57cd
Kiwifruit ( Actinidia deliciosa Chev.) 11.77cdef
Black mulberry (Morusnigra L.) 14.47bc
White mulberry (MorusalbalL.) 21.60a
Nectarine [Prunus persica (L.) Batsch] 9.15fg
Pear (Pirus communisL.) 14.41bc

Chino-Japanese plumPrunussalicinaLindl.) 14.81bc

European plum (Prunus domestica L.) 16.73b
Damask plum (PrunusinsititiaL.) 14.82bc
Raspberry (RubusidaeusL.) 9.70efg
Strawberry (Fragaria x ananassa Duch.) 6.719g

3.79d
3.41defg
3.27efghi
3.38defgh
2.91i
3.05ghi
3.07fghi
3.43defg
5.04b
6.04a
3.66de
4.44c
3.27efghi
3.48def
3.43defg
2.96hi
4.35¢c

47.43gh
257.99bc
148.77ef
129.74efg
177.02cdef
361.27a
280.93ab
181.33cde
40.67gh
21.90h
91.15fgh
34.48h
166.84def
159.58ef
153.19ef
249.84bcd
53.09gh

56.84g
93.72fg
257.47cde
320.39bcd
493.39a
362.15b
196.98ef
62.83g
342.92bc
95.91fg
39.88g
46.18g
176.61ef
175.30ef
229.62de
321.04bcd
398.67ab

0.03d
0.99d
106.40c
222.74b
224.79%b
0.93d
3.20d
341.53a
1.99d
6.22d
1.79d
33.38cd
13.70d
33.11cd
40.09cd
44.43cd

9.43e
11.11e
39.17
4549.
58.43bc
85.97a
18.40de
8.50e
56.50bc
11.51e
9.38e
8.07e
13.02e
12.12e
17.88de
12.92e
40.84cd

Means followed by the same letter in a column areat significantly different at p = 0.05 (Tukey’s test).
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563
564
565
566

Table 2.

Skin colour, soluble solids content (SSC; °Brix),itratable acidity (TA; meq L ™) pH, total phenolic content (TPC;

(mg GAE 100 ¢* fw), total anthocyanins content (TANC; mg cyanidin3-glucoside equivalents 100 §fw) and

total antioxidant capacity (FRAP; mmol F&* kg™ fw) of the analyzed cultivars and landraces.

Species Cultivar/landrace  Skin colour SsC pH TA TPC TAC FRAP
Apple Gala Brookfield red striped 13.00b 3.75ab  50.60a 0®7. 0.03 9.27
Red Chief red 12.93b  4.08a 3550b  63.57 0.03 0.47
Golden Delicious yellow-orange 13.80a 3.53b 56.20a19.80 0.03 8.30
Apricot Tonda di Costigliole yellow-orange 14.73a 3.72a 175.33c 97.77ab 1.03 6 0.4
Goldrich orange 12.07c 3.09¢c 359.80a 119.03a 0.57 1.571
Laycot orange-red 14.10b  3.43b 238.83b 64.33b  1.37 11.10
Blackberry Navaho black 12.53 3.27 148.77  257.47 106.40  79.17
Elll(];ehl:t)):rsr; Bluetta blue 11.67b 3.41ab 90.43b 348.87 249.13 (029.3
Duke light blue 10.93c  3.55a 107.07b 311.37  200.9@7.83b
Elliott light blue 13.27a  3.17b 191.73a 300.93 218.20 3.2
Black currant Ben Lomond black 14.27a  3.07a 162.37 626.84a 21B.938.53a
Tiben black 13.73ab  2.64b 216.97  448.32b 271.33a.60a9
Titania black 13.67b  3.03a 151.74  405.03b 184.105.17b
White currant Werdavia yellow-white 10.73 3.05 361.27 362.15 0.06 85.97
Gooseberry Hynnomaky Gelb dark yellow 13.80 3.07 253.34b 184.0 0.44b 12.76b
Hynnomaky Rot dark red 13.33 3.06 308.53a 209.9809a5. 24.07a
Kiwifruit Hayward brown 11.77 3.43 181.33 62.83 - 8.50
Black mulberry Selection 1 black 12.67b  5.01 47.63a 570.29a 486.137.15a
Selection 2 black 16.27a  5.06 33.70b  280.76b 196.835.85b
White mulberry Selection 3 pinkish white 21.60 6.04 21.90 95.91 .991 11.51
Nectarine Caldesi 2000 green-red 9.13 3.53b 104.60a 72.73a 0 2.9 12.73a
Big top yellow-red 9.33 3.95a 73.53b 16.40b  6.97 388
Venus yellow-red 9.00 3.50b 95.33ab 30.53b  8.80 715.5
Pear William light green-yellow  13.37 4.29b 34.30 47.93 2.70b 1.27
Abate fetel yellow-red 14.47 4.25b 33.70 60.30 8.67 2.57
Conference green-yellow bronz#5.40 4.79a 35.43 30.33 12.83a 1.53
;zirgo‘Japa”ese Angeleno black-purple 13200 3.18b  159.37b 237.3Z853a  13.40
TC sun yellow-orange 13.10b  3.24b 194.40a 143.271678. 13.80
Black diamond black-purple 18.13a  3.38a 146.77b 2019. 47.93a 11.87
Damask plum Ramassin landracel blu 15.40 3.54a 97.33c 187.00b43d9 12.80b
Ramassin landrace2 violet 14.27 3.51a 136.33b 264.829.27b  27.73a
Ramassin landrace3 violet 14.80 3.23b 225.90a 287.030.63a  13.10b
European plum Stanley dark blue-violet 13.50c  3.51b 111.13b 10&419.77a  12.17
President red-violet 15.57b  3.27c 201.20a 140.63W6316 12.57
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568

569
570

571

572
573
574
575
576
577

D’ Ente 707 red-violet 21.13a 3.66a 166.46a 212.87a.70ab 11.63
Raspberry Heritage light red 10.53a  2.64c 350.00a 287.70b 5@2. 14.27
Malahat medium red 8.47c 3.14a 215.57b 372.60a 0B1.9 0.56
Tulameen medium red 9.80b 3.03b 179.07b  330.0Q&63b 11.33
Strawberry Alba bright red 7.47 4.10b 66.17a  310.17b 46.80 034.
Arosa bright red 7.17 4.28b 55.47ab 461.46a 37.07 4.97a
Maya bright red 5.50 4.66a 37.63b 424.334B.43 23.53b

Data of cultivars/landraces within a species wereotnpared by Tukey’s test: means with the same lettegire not

significantly different at p = 0.05 (Tukey'’s test ).
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Figure 1

PCA two-dimensional scatter plot based on the firstwo principal components (PC1 and PC2) generateaf

the species studied and based on data of solubldlid® content (SSC), titratable acidity (TA), pH, tdal

antioxidant capacity (FRAP), total phenolic content (TPC) and total anthocyanin content (TANC).

C.J_plum (Chino-Japanese plum); E._plum (European jpim).
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